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Recent work i n  o u r  l a b o r a t o r i e s  has  been concerned with obtaining a b e t t e r  
understanding of t h e  phenomena associated wi th  coa l  l iquefac t ion  (1). 
i n i t i a l  s tudy of t h r e e  bituminous coa ls  discussed the  changes t h a t  occur i n  
oxygen containing f u n c t i o n a l  groups (2) .  It w a s  concluded t h a t  t h e  i n i t i a l  
l a r g e  l o s s  of so-cal led "unaccounted" oxygen was a r e s u l t  of a cleavage of e ther  
groups t o  form hydroxyls, which were subsequently removed by dehydroxylation. 
These same samples were a l s o  character ized by FTIR and the  r e s u l t s  of t h i s  
por t ion  of the  work are presented i n  t h i s  communication. 

An 

A s  might be expected, the  most i n t e r e s t i n g  changes occurred i n  the  a l i p h a t i c  
and aromatic CH s t r e t c h i n g  regions of the  spectrum. Samples were prepared for  
in f ra red  a n a l y s i s  us ing  es tab l i shed  KBr p e l l e t  techniques (1.3) and representa t ive  
spec t ra  of t h e  three  coa ls ,  PSOC 521 (HVC), PSOC 767 (HVB) and PSOC 757 (HVA) 
a r e  presented in-f igure 1. 
3100 and 3000 cm 
of overlap t h a t  can lead  t o  e r r o r s  when band areas  a r e  determined by simple 
in tegra t ion .  Accordingly, a curve resolving procedure, descr ibed i n  previous 
publ ica t ions  (1,3) ,  w a s  used t o  separa te  t h e  two cont r ibu t ions .  I n  addi t ion ,  i t  
w a s  found t h a t  there  was a change i n  t h e  r e l a t i v e  proport ion of var ious  a l i p h a t i c  
CH groups. I n  order  t o  s o r t  t h i s  ou t  second d e r i v a t i v e  methods were used t o  de- 
f i n e  the i n i t i a l  p o s i t i o n s  of f i v e  bands t h a t  were curve- f i t  t o  t h e  d i f fe rence  
spectrum obtained by subt rac t ing  t h e  aromatic  CH s t r e t c h i n g  modes, a s  i l l u s t r a t e d  
i n  f i g u r e  2. 
s e l v e s  composites ( 4 ) .  a r e  
l a r g e l y  due t o  methyl groups, the  bands near  2923 and 2852 cm-l have a major 
cont r ibu t ion  from methylene groups, while  the  band a t  2893 cm 
t o  methine CH moiet ies .  

Even though t h e  aromatic CH s t r e t c h i n g  modes between 
a r e  r e l a t i v e l y  weak, i t  can be seen t h a t  there  is s t i l l  a degree 

These bands do not  represent  ind iv idua l  components, but-fre  them- 
Nevertheless ,  the  bands near  2956 and-$867 cm 

can be assigned 

Liquefaction r e a c t i o n s  were car r ied  o u t  a t  temperatures of 350, 370, 400 and 
425'C f o r  per iods of 2, 1 2 ,  22  and 32 minutes, a s  descr ibed previously (1,2). 
Overall, the  spec t ra  of t h e  l iquefac t ion  products from a p a r t i c u l a r  coa l  were 
surpr i s ing ly  s i m i l a r ,  support ing t h e  not ion  t h a t  s t r u c t u r a l  rearrangement under 
these  r e a c t i o n  condi t ions i s  r e l a t i v e l y  l imi ted .  The in tegra ted  a r e a  of t h e  
aromatic CH s t r e t c h i n g  modes increases  wi th  t h e  s e v e r i t y  of t h e  l i q u e f a c t i o n  
condi t ions,  bu t  i t  should be kept i n  mind t h a t  t o  some exten t  t h i s  is an 
apparent increase  t h a t  i s  due t o  t h e  loss  of oxygen contaiging fs-fctional groups. 
The p a t t e r n  of out-of-plane bending modes between 900 and 700 cm shows l i t t l e  
change i n  the d i s t r i b u t i o n  pa t te rn  of hydrogen i n  aromatic u n i t s ,  supporting the  
inference t h a t  t h e  changes i n  t h i s  region a r e  l a r g e l y  due t o  the  loss  of o ther  
groups and hence an increase  i n  t h e  per  u n i t  weight concentrat ions of those l e f t  
behind. 

Although t h i s  f a c t o r  a l s o  a f f e c t s  t h e  a l i p h a t i c  CH s t r e t c h i n g  modes, the 
changes i n  t h i s  reg ion  a r e  f a r  more pronounced. The o v e r a l l  a l i p h a t i c  CH con- 
t e n t  appears t o  i n i t i a l l y  increase  with conversion, bu t  then drops off  somewhat 
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a t  condi t ions of high conversion. 
and such coaclusions a r e  only t e n t a t i v e .  
d iv idua l  curve-resolved bands, (measured as a f r a c t i o n  of t o t a l  a l i p h a t i c  CH 
a rea ,  i n  order  t o  e l iminate  and reduce e r r o r s  i n  sample preparaf ion,  e t c . ) ,  
wi th  the  most marked d i f fe rences  being observed i n  the 2956 cm band. The 
r e l a t i v e  a r e a  of t h i s  band i s  p lo t ted  as a func t ion  of reac t ion  time and con- 
vers ion i n  f igures  3 and 4, respect ively.  

The d a t a ,  however, shows considerable  s c a t t e r  
There a r e  much c l e a r e r  changes i n  in- 

The Ohio coal  (PSOC 757) showed no temperature dependence i p  the  p l o t  
aga ins t  time, i n  cont ras t  t o  t h e  o ther  coals .  When t h e  2956 cm band is p l o t t e d  
a s  a funct ion of conversion ( f igure  4) ,  t h e  poin ts  for  a l l  temperatures tend t o  
l i e  i n  a s i n g l e  band. Visual inspec t ion  suggests  tha t  t h e  band o r  l i n e  i s  some- 
what curved. However, l i n e a r  regress ions  were performed and gave s u r p r i s i n g l y  
high var iance,  p a r t i c u l a r l y  f o r  the  Oklahoma and Wyoming coals .  Nevertheless ,  
t h e  s lopes of these least-squares  f i t s  suggest t h a t  t h e  number o r  type of bonds 
broken during l iquefac t ion  a r e  d i f f e r e n t  f o r  t h e  three  coals .  
t o  e x i s t  i n  f igure  4, the  d i s t r i b u t i o n  of a l i p h a t i c s  i n  t h e  parent  coa l  and 
products would have t o  be the  same. This would r e s u l t  i f  no chemical r e a c t i o n s  
were involved, and conversion r e s u l t s  from the  phys ica l  d i s s o l u t i o n  of the  coal .  
An increase  i n  t h i s  s lope  i s  i n d i c a t i v e  of an increas ing  number of a l k y l  e t h e r s  o r  
a l i p h a t i c  systems cleaved i n  convert ing a p a r t i c u l a r  coa l .  I f  t h e  increase  i n  
r e l a t i v e  a rea  of t h i s  band stems from methyl-generating reac t ions ,  f o r  t h e  Ohio 
coa l  (PSOC 757), only a few bonds need t o  be broken t o  d r a s t i c a l l y  enhance i t s  
conversion. 

For a s lope  of zero 

I n  f i g u r e  5, the  amount of "ethers"  cleaved ( l o s s  of unacspunted oxygen from 

Corre la t ions  
references 1 and 2) is p lo t ted  aga ins t  t h e  a r e a  of the 2956 cm band as  a 
f r a c t i o n  of the  t o t a l  a r e a  f o r  a l i p h a t i c  C-H s t r e t c h i n g  v i b r a t i o n s .  
are r e a d i l y  apparent f o r  t h e  c o a l s  having a higher  number of c leavable  e t h e r s ,  
namely the  Wyoming and Ohio coa ls  with 7.7 and 5 .1  c leavable  e t h e r s  per  100 
carbon atoms, respec t ive ly .  A least-squares  l i n e a r  regress ion  was performed on 
t h e  values  a t  the  th5ee lowest temperatures f o r  t h e  Wyoming coa l  (Figure 5 
The s lopes and t h e  R 
r e l a t i v e  a r e a  of the 2956 c m  band show a high proport ion of var iance  ex- 
plained.  I f  the  c o r r e l a t i o n  i s  accepted, the obvious inference is t h a t  e t h e r  
cleavages generate  methyl groups ( ie .  -0-CH - bonds a r e  cleaved forming OH and CH3). 
It should be noted t h a t  t h e  s lopes  of the  least-squares  f i t  f o r  t h e  lowest th ree  
temperatures a r e  q u i t e  s i m i l a r ,  whereas t h e  curves  f o r  the  Ohio coa l  ( f i g u r e  5 (c ) )  
increase more s teeply  with increasing temperature. 
i n f e r  t h a t  a t  the  lower temperatures, l a b i l e  e t h e r s  ( a l i p h a t i c  and benzyl ic )  are 
cleaved; proceeding t o  higherwmperatures ,  the more r e f r a c t o r y  type of e t h e r s  
(d ia ry l )  a r e  l i k e l y  t o  be cleaved. The f a c t  t h a t  the s lopes  a r e  s i m i l a r  f o r  t h e  
Wyoming c o a l  suggests  t h a t  s i m i l a r  types of e t h e r s  a r e  broken under these  con- 
d i t i o n s .  
a l i p h a t i c  o r  a ra lkyl .  
cor re la t ion  a t  a l l  temperatures f o r  t h e  Oklahoma coa l  (though a t rend  s i m i l a r  t o  
t h a t  of  t h e  Ohio coal  e x i s t s )  a r i s e s  perhaps because any t rend is marked by a l k y l  
cleavage and other  reac t ions  t h a t  do not  involve loss of unaccounted oxygen. 

(b)) .  
values-for t h i s  c o r r e l a t i o n  between e ther  removal and 

2 

For the  l a t t e r  case ,  one could 

The r e l a t i v e l y  small  s lopes suggest t h a t  these  e t h e r s  a r e  predominantly 
The lack  of c o r r e l a t i o n  a t  425OC f o r  t h i s  coa l  and the  poor 

I n  conclusion, t h e  FTIR r e s u l t s  i n d i c a t e  t h a t  extensive s t r u c t u r a l  rearrange- 
ments a r e  not occurr ing during l iquefac t ion .  
a r e  broken, r e s u l t i n g  i n  the  formation of var ious fragments of d i f f e r e n t  s o l u b i l i t y .  
The increase  i n  methyl groups and previously reported loss of e t h e r  oxygen i n d i c a t e s  

Rather, a few se lec ted  br idging  u n i t s  
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t h a t  bonds between a l i p h a t i c  methylene u n i t s ,  benzyl ic  e t h e r s  and a r y l  a l k y l  
e thers  are t h e  p r i n c i p a l  sites of cleavage. 
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Figure 1. FTIR SPECTRA OF COALS (a) PSOC-521; (b) PSOC-767; 
( c )  PSOC-757 
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